Staphylococci, coliforms, Proteus, and other organisms can be tested in this way for penicillinase formation; the method is also suitable for testing lysates, filtrates, and dialysates, provided independent provision is made for enzyme inducement.
The production by various bacteria of an enzyme capable of inactivating penicillin was first reported by several workers in the early 1940s. Their views as to the endocellular or exocullular nature of this enzyme differed considerably, and were conditioned largely by the methods used for its detection and separation. At this time two basic techniques were in use. One was the direct destruction of penicillin in liquid by the addition of a whole culture filtrate, or supernatant, of the test organism. The detection was completed by the subsequent assay of loss of penicillin activity, using a suitably sensitive indicator organism. This followed the original suggestion of Abraham and Chain in 1940 . A disc variation was also suggested, the test organism being spotted on to discs impregnated with dilute penicillin solution. The discs were placed on pavement inocula on agar plates of a sensitive indicator strain (Chandler, Davidson, Long, and Monnier, 1951; El Ghoroury, 1952) . The second method was to grow the test organism in a suitable culture fluid (Duthie, 1944) with penicillin inducement or on nutrient agar (Harper, 1943) . Various chemical and physical processes were then used in attempts to concentrate and purify the enzyme.
Widely differing views on penicillinase activity were propounded as a result of these techniques. Kirby (1945) and later Spink and Ferris (1947) (Duthie, 1944; Lepage, Morgan, and Campbell, 1946) or candles. Similar adsorption may occur on passing it through fritted glass filters. Penicillinase has a marked affinity for glass surfaces (Pollock, 1957) , so that glass beads or abrasives used to destroy cells might well remove it almost entirely (Brunner, Kraushaar, and Prohaska, 1959-60) . Froth from vigorous shaking can adsorb much of the enzyme, which is inactivated or inhibited by traces of anionic surface active agents. These difficulties were overcome as they became known, and increasingly complex and fruitful methods were published; the method of Pollock, Torriani, and Tridgell (1956) gives a prolific yield of penicillinase from a B. cereus mutant; they were thereby able to elucidate most of the properties of the crystalline product. For assay of the enzyme, produced on this scale, manometric and iodometric methods were developed but these are insensitive and 263 unsuited to small-scale production (Wolff and Hamburger, 1962) .
With the advent of the newer penicillins during the last three years, and the comparative immunity of some of them to destruction by penicillinase, it has become increasingly necessary to find a simple yet sensitive screening method for the detection of diffusible penicillinase from staphylococci. It was therefore decided to follow up observations by Smith and Smith (1945) that penicillinase could diffuse freely through a gradocol membrane without loss of potency; these findings were amply confirmed in later papers, notably that by Eriksen and Hansen (1954) .
The present paper gives fuller details of the method which we referred to in an earlier publication (Stewart, Coles, Nixon, and Holt, 1961) , together with an assessment of penicillinase produced by staphylococci, as assayed by this more sensitive technique. A similar method, incorporating an indicator for the detection of penicilloic acid, has recently been developed independently by Knox and Smith (1961 Commercial penicillinase was obtained from Burroughs, Wellcome and Co., in the form of Neutrapen, a high-potency purified cereus penicillinase. This is supplied in crystalline form, and, reconstituted at 400,000 units/ml., served as a reference standard.
EXPERIMENTAL RESULTS Preliminary experiments showed that, during overnight incubation, commercial penicillinase at concentrations of 10 and 100 units/ml. diffused through the sterilized membrane into an agar base incorporating 1 to 10 pg./ml. penicillin G. Areas of penicillin G inactivation were clearly demonstrated by flooding the plate with a suspension of penicillin Gsensitive organisms (see later). After overnight incubation, the indicator organism grew freely in inactivated areas. This appeared so promising that it was decided to employ the well-founded observation that penicillin G attacks only the actively growing bacterial cell and has no effect on the cell in the resting phase (Hobby, Meyer, and Chaffee, 1942; Rammelkamp and Keefer, 1943) . It was found that a penicillin G-sensitive indicator organism could be incorporated in an agar base, together with penicillin G, at such a concentration that the indicator organism was held in the resting phase in the agar base, and the organism under test for penicillinase production grew freely on the membrane. Thus penicillinase produced by the test organism released circumscribed areas of indicator growth. Furthermore, the presence of subinhibitory concentrations of penicillin G induced production of penicillinase by the test organism, as in the modified Gots' test described by Haight and Finland (1952) .
INDICATOR ORGANISMS Different organisms were incorporated in agar plates containing penicillin G in concentrations of 0 to 0-01, 0 05 to 0 1, and 0 5 to 1-0 pg./ml.
Experiments with varying inocula showed that a sowing into 20 ml. agar of 0-2 ml. of a broth suspension of indicator organism, standardized at 1 x 108 organisms/ ml., gave light but evenly distributed colonial pavement growth. The Oxford staphylococcus (N.C.T.C. 6571) was usually suitable as an indicator organism, as it was found to be stable in behaviour and, when released from penicillin G suppression, grew more rapidly. In a few experiments where less active organisms were tested for production of penicillinase, a group A Streptococcus was incorporated in a blood agar base; growth of this indicator was accentuated by zones of haemolysis, provided that no soluble haemolysins were produced by the test organism itself. Sarcina lutea was also used in confirmatory experiments, as it grew at 25°, and plates did not have to be incubated a second time. Ia Membrane on nutrient agar containing 2 pLg./ml. penicillin G and indicator organism; 24-hour growth of three test strains of Staph. aureus at 37°C. lb Membrane removed. Growth ofindicator organism (Oxford staphylococcus) after 24further hours at 37°C. One ofthe test staphylococci is an active penicillinase-producer (1), one moderately so (2), and the thirdproduced nopenicillinase (3). ml.). The highest concentration at which all strains grew freely on the membrane was 2 ,ug./ml. penicillin G. This level was adopted for routine purposes. Since penicillinsensitive indicator strains, such as the Oxford staphylococcus, are unable to grow within plates containing more than 0 05 ug./ml.penicillin G,their release bypenicillinase and subsequent growth indicates that the local concentration of penicillin G has been reduced below this level (Fig. 1) .
STORAGE OF SEEDED PLATES Nutrient agar plates, containing 2 ug./ml. seeded with Oxford staphylococcus and layered with membranes, were stored in air-tight polythene bags at 4°C., 20°C., and 37°C. At regular intervals a spot inoculum of a known active penizillinaseproducing Staph. aureus was made; after incubation the membrane was removed and the plate re-incubated to check indicator growth, indicative of destruction of the penicillin in the agar. (Table I) indicate that a sensitive organism can be held in the resting phase under penicillin G suppression for several weeks at 4°C. but not at 37°C. The indicator growth at the end of four weeks was just as prolific as at the beginning; this in itself suggests a means of storing a penicillin-sensitive organism indefinitely at 4°C., to be released with penicillinase whenever required.
ADAPTATION OF METHOD FOR TESTING SPREADING OR SWARMING BACTERIA
Experiments with coliform/aerogenes bacteria, and also with strains of Proteus, showed that it was difficult to obtain clear-cut detection of penicillinase production by these. No matter how carefully the membrane plates were dried, sufficient moisture remained to permit spreading or swarming of mobile members of these groups. The addition of any of the customary anti-swarming agents, e.g., bile salts, chloral hydrate, dispersol, tended to alter the pattern of growth, and therefore invalidated assessment of penicillinase production. Membrane plates were therefore prepared from 4% and 6% agar incorporating penicillin G as above at 2,ug./ml. The Oxford staphylococcus was used as indicator. A range of organisms was tested for penicillinase production on these plates.
Staph. aureus gave excellent, but slightly compressed, zones of indicator growth. At both 4% and 6% coliform/ aerogenes bacilli, Proteus, and enterococci all gave restricted primary growth but, where penicillinase was formed, the resultant indicator growth was clearly observed. When testing these organisms, 4% agar has now been adopted as routine. Antibiotic gradient plates were prepared by successively pouring two superimposed wedges of agar. The lower wedge contained no antibiotic. The upper wedge incorporated the particular penicillin at a suitable level previously found to be five times the minimum inhibitory concentra.ion in liquid media. These plates, after floodseeding with a dilute suspension of the indicator organism (about 2 x 107 organisms/ml.), gave on incubation a reasonably well-defined limit of growth about one-third the distance up the gradient.
In practice gradient plates were poured as described and a membrane disc was layered; heavy streak inocula of test organisms were applied at right angles to the anticipated line of indicator inhibition (Fig. 2a) . After overnight incubation the membrane was removed, the plate flooded with a suspension of indicator organisms and reincubated. The slightest inactivation or degradation of the penicillin by the test organism or its diffusible products was clearly shown by a peak of indicator growth extending up the concentration gradient, beyond the normal limit of growth ( Fig. 2b and c) .
The object of these experiments was to detect inactivation of various penicillins and related substances to levels at which therapeutic activity was lost. We are not therefore in this text differentiating between the two main forms of penicillinase, i.e., f-lactamase and amidase. It can be assumed that inactivation by staphylococci is due to ,-lactamase, but many of the coliforms tested possessed amidase as well as, or instead of, ,-lactamase, and inactivated penicillin by this enzyme.
